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Introduction 

Cami/Sdienng-Ptowgh are currently evaluating a new 
antitumor gene therapy agent, Sch-58500. It is a recombinant 
adenovirus (Ad) expressing a human p53 apoptosxs-irtduring 
gene that triggers targeted tumor cells to undergo programmed 
ceB death (apopiosfeX Tumors mat are especially sensinvejo 
this type of therapy are those in, which the normal celhuar p53 
gene is not functional For example, r^fonctional (mutant) 
p53 is expressed in 50% of patients with primary breast tumors 
and their prognoses are sjgruficandy more grim thanj^to^ 
wim breasr turnors^wim functional p53 genes [2551X5]. 
Approximately 50% or more of other types of rumors have a 
non-toictional p53 gene, which suggests that gene therapies 
such as Sch-58500 that could target p53 mutant cancer cells 
might have wide udKry in the treatment of cancers. The virus 
has been designed to infect susceptible cells, which include 
many types of rumor ceOs [246633359068]. By doing so, the 
vims causes the infected cell t> transcribe me p53 gene and 
translate me message to a fortfqonal protein prc^im^ will 
cause the tumor cdl to undergo apoptosis [2 46 p3?»?8 4S »5]. 
Because many cancer cell ones were in)ubited in cell culture, 
Sch-58500 is now being tested in cfcnicaltriabmparientswidv a 
variety of tumors. 

Vector 

The vector of me p53 gene. Ad type 5 (Ad^) » a reptonon- 
defiaenr virus, which lacks the genes needed far mfecoous 
virus replication, ie, & U. E1A and O P682S7J. As a result ihe 
vims can infect a cell but cannot direct that cell to replicate 
infectious virus progeny* However, the virus can deliver a 
functional j&3 to any cell to which it can attach ana 
penetrate. Once uncoatcd, the j£3 gene can be transcribed and 
translated mm a functional gene product that will trigger «J 
apoptodc pathway. The p53 gene was inserted into *e Ad 
genotne. alor« wi* a cytor^ 
emoent transcriptSonof the pS3 gene p84805V 

PtannQcology 

The antfcumor activity of Sch-58500 probably results from 
several modes of inhibition Firstly, the vector delivers the 
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pS3 gene to any cell that it can infect. The subsequent 
transcription and translation of the p53 gene results in an 
apoptosis-mdpCing protein product leading to programmed 
cell death [246630,284$32]. Secondly, specialized immune 
cells, called natural killer cells, are activated at the site of the 
tumor, which destroy the tumor cells infected with virus 
vector and some "bystander cells* at die site of virus infection 
[380033]. Thirdly, the vector itself mediates rumor growth 
suppression [168237). In addition, animal studies have 
demonstrated that vector also reduces the spreador 
metastatic potential of the tumor cells that become infected 
with the vector [255115.284805]. m addition. Sch-58500 
increases the sensitivity of rumor cells to inhibition by 
chernotherapeuuc agents such as 5-fluourouracil, risplatin. 
etoposide, doxorubicin and paclitaxel (National Institutes of 
Health) [380035]. In rumor-bearing animals, paclitaxel acted 
synergistically with Sch-58500 to kill tumors. The mode of 
action of this synergism appeared to be an enhancement of 
the uptake of Sch-58500 into the tumor cells, thereby 
increasing the effective p53 concentranon [28*304]. 

The vector is usually administered in the dose range of 1 x 
If/ to 73 x 10* total virus panicles, depending on the type of 
tumor 1308167]. The mode of delivery is also tumor- 
dependent, eg, it can be directly injected into brain, head or 
neck tumors, or mrraperitoneally for ovarian cancers, or via 
die hepatic artery for Uver cancers [339443380035,380041]. 
The vehicle for delivery is often normal saline. When 
injected, the vector can penetrate one to ten cell layers deep, 
depending on the nature of the tissue (380042}. 

Sch-58500 reduced the spread of certain tumors in 
irnmunocompromised m*e by 60 to 80% [255115], The 
importance of tumor growth suppression of the Ad vector 
usejf was demonstrated in mice that were treated with me 
potent uTttnunosuppressant. dexarnethasone. Tumor growth 
was still suppressed by the P 53-mediated mechanisnv but 
not by die vinis-mediated suppression of growth pSOQW 
Suppression of NK cell response with annbody *at 
neutralized NK cells gave the same result, ie, inhibition or 
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NK-mediated cell destruction but no effect on p53-induced 
programmed rumor eel! (380033]. 

Combination therapy with other antitumor drugs has also 
been evaluated in cell culture. Sch-58500 was used in 
combination with Sch-66336 (SdttJring-PJough Research 
Institute). The latter compound is a famesyl transferase 
inhdntor that inhibiis the addition of a famesyl group on RAS 
proteins, which «s an mierrnedSate in an apopto&s pathway 
[325867,359068}, This combination was a more potent 
antitumor therapy man either drug alone. Greater efficacy of 
inhibition was achieved against DIM45 human prostate and 
wtp-ros/F transgenic mouse cancer models for Sch-58550 in 
combmapon with other agents [380033]. The combination of 
Scjv58500. cisplaun and paduaxei was parncuteriy potent in 
an ovanan cancer arumal mode] Addition a ll y, Sch-58500 m 
combination with FDA approved drugs such as cfepfctin. 
doxorubicin. 5-fluoroujacU, methotrexate and eropo s Kle 
resulted in a more potent suppression of tumor cell 
proliferation in 56C4, 9SC-15 and SSC-25 head and neck 
tumor cells, SK-OV-3 ovanan tumor ceils. DU-H5 prostate 
tumor ceils, MDa^M&-468 and M0A-MB-231 breast cancer 
ceus lJ6S287> Greater anticancer acovuy w» abo ofecrved 
when four human tumor xenografts growing in mice were 
treated with these combinations [380035 J. Sch-58500 was also 
shown to be safe and efficacious in preventing tumor growth 
of a human colorectal aderaxarrinoma in im/jn* 
nranurKKieftcrent mice without thymuses (reduced cellular 
immunity) [246635J The mecharusms whereby a synergistic or 
additive effect was achieved may be due to one drug 
enhancing the uptake of another, pr one drug enhancing the 
sensitivity of die tumor cells to uvSipiSon by another drug. For 
instance, it was found that the pachtaxeJ enhanced the uptake 
of Sch-58500 £8430*1, and .that Sch-58500 rendered cenam 
tumor ceils susceptible to ihe other drugs used m the 
combination therapy [284304]. 



Toxicity 

Sch-58500 was generally well tolerated. However, mere are 
concerns about the adverse effect ofsimilar Ad vectors, arising 
from the death of a patient receiving gene therapy for 
ornithine traitscarbamylase deficiency (OTCDk This has led 
the FPA to request cuscontmuation of patient erutAmenr in 
several dinted studies of Sch-58500 as a precautionary 
measure until die reason for patient death is determined 
; (343174343175). 

/; Clinical Development 
5* Ptmscl 

A phase l/U clinical trial Was carried out to evaluate the 
efficacy of Sch-58500 in recurrent ovarian cancer (3800*4). 
but this has since been discontinued. Another phase I study 
£ was used to determine the safety and efBcacy of Sch-58500 
inpatients with advanced head and neck cancer (339443). m 
this study, Sch-58500 was administered by single or multiple 
injection to patients with tumors amenable to injection 
therapy. They received four dose levels of virus based on 
total virus panicles injected- In preliminary results, 
functional p53 ONA was detected in tumors by reverse 
transcriptasepolymerase chain reaction (KT-FCR) in four of 
ten patients whose results were available (339443k 



A phase I trial was carried out in 64 patients wuh hepatic 
metastases of colon cancer, head and neck cancer, ovarian 
cane r and melanoma (284304). Transgenic expression of 
p53 was detected by RT-PCR and was dose-dependent 
Antibody against the Ad vector was also detected, although 
it did not influence the expression of p53 wirtun the tumor. 
In another phase I trial involving 62 patients (including 
those with the tumors described above, as well as patients 
with non-small-cell lung carcinoma), 30 of 57 panents 
expressed normal p53 at the rumor site (322801). 

70 Patients with brain cancer, head and neck cancer and 
ovarian cancer were enrolled in an efficacy tnal [284932) 
Those with the head/neck and brain cancers received 10* to 
10 12 virus particles in one administration. Biopsies were 
taken from 69 of the patients, and in 33 the p53 transcript 
was detected in a dose-responsive manner. The more 
particles that were given, the larger amounts of p53 were 
detected. 

in a trial to determine toxicity, gene expression and immune 
response in patients with primary metastatic Hver cancer or 
ovarian cancer, Sch-58500 administered by hepatic 

artery injection or inrraperitonealry, respectively [306641]. 
This was a single/multidose trial either with Sch-58500 
alone or in combination with traditional anticancer agents. 
Antibody to the virus vector was detected but didTtot affect 
the dose-dependent expression of p53 at the rumor site. 
Some mild to moderate- side effects were observed, which 
included fever, malaise and anemia. In another study. 30 
patients with hepatocellular carcinoma received a single 
dose of 73 x 10* to 75 x 10° virus particles (312158). Here, 
moderate toxicity was noted, which included the standard 
symptoms described previously, along with tachycardia and 
hypertension. Greater expression of p53 was detected at the 
tumor site than in the normal cells, although the apoptonc 
index was the same on both the treated side of die liver 
containing the rumor cells and the non-treated side of the 
liver. This indicated that, normal cells were not adversely 
affected by the treatment and that tumor cells not previously 
expressing p53 did express p53- 

A combination, single/multiple dose study was undertaken 
in 41 ovarian cancer patients [312158), Patients receiving one 
dose were injected with 10 or Vr particles, and those 
receiving multiple doses received 10° to 10* virus particles. 
The recipients of the cornbination therapy were injected with 
platinum ip, or with taxol/carboplatin iv. There were 
moderate side effects, including nausea and vomiting, and 
p53 was detected at the tumor site. 80 Patients with head 
and neck tumors received single and multiple doses of Sch- 
58500 (Iff to 10* virus particles) and combination therapy 
via several routes of inoculation [328228k The maximum 
tolerated dose in these patients was dependent on the route 
of adminfstra tion, with ip achninistration giving best results. 
When administered iv, some lymphopenia and 
thrombocytopenia were detected. Vector shedding also 
occurred. 

Another phase I ovarian cancer study using single and 
multiple dosing regimens and combination therapy was 
initiated in 36 patients (347524). For mis study, drugs were 
administered ip; although moderate toxicity was noted 
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(nausea, fatigue, hypotension, fever and anerrua), there was 
a reduction in CA-125 tumor maTVer in 54% of the patients. 

Phase !WI m 

A number of phase 11 and phase Ji/HI clinical tnals have 
been planned or have commenced. A phase fl study in 
patients with primary or metastatic liver tumors begun in 
J998 [328228]. These patients received mulnpie high doses of 
Sch-58500 alone or in combination with traditional 
anrirumor agents, either via the hepatic artery or ip; mis 
study has now been discontinued 

A phase II study was carried out to determine the efficacy of 
Sch-58500 in combination with traditional chemo- 
therapeutic drugs m panents with liver and colorectal 
cancers. The patients were implanted with a pump to 
deliver the standard drug therapies, such as FLUTft. 
dexamethasone and Leucovir. fn 1999, the FDA asked Canji 
and Schenng-Plough to cease this trial temporarily because 
of safety concerns that arose from an unrelated trial in which 
another company was testing an Ad vector and death of a 
patient had occurred 1343*74,343175]. 

A multicenter phase U trial of Sch-58500 in panents with 
colorectal cancer metastatic to liver commenced in May 
1999, along with a trial in patients with hepatocellular 
cancer metastatic to liver [324279], Several phase U/lll 
studies were started in 1999 and 2000, including study of the 
fleet of common chemotherapeutic agents used alone or in 
combination with Sch-58500 ip in newly diagnosed ovarian 
cancers with the p53 mutation [32^228,328893). 



Side Effects and ContratndScati n 

Most trials report few side effects with Ad-p53 when used 
alone, relative to the adverse effects of chemotherapy. 
However, in a report a pancreatic cancer oral in Germany, 
where the vector was introduced mtrfr-anenaUy, several 
patients experienced mild disseminated intravascular 
coagulation [368768J. Addmonaliy, there is concern about 
safety following the death of a patient from the Uruversiry of 
Pennsylvania study of Ad vector containing a gene intended to 
correct OTCD. Since Sch-58500 conceptually uses the same type 
of vector, me FPA has asked Schering-Plough to discontinue 
enrolling patients in several studies unni the reason for this 
death ts determined. 

Current Opinion 

The use of Ad gene delivery vector represents an exqong 
approach to t&rninaung a variety of tumors deftdenr m the p53 
apoptosis-inducing gene. The Canji/Schermg-Flough Ad 
vector appears to be relatively free of side effects when 
administered alone, and in combination with existing 
chemotherapeutK agents it offers an enhanced, less toxic 
alternative to traditional chernotherapeuncs. This evaluation, 
however, concludes with a note of caution because of the death 
of a patient who was administered a related Ad vector in an 
trial conducted at the University of Pennsylvania, further new 
trials of Ad-based therapeutic agents have been temporarily 
suspended at the request of the FDA [343174]. These triab 
remain on hold, pending demonstration mat an appropriate 
oversight and dimcaJ moraiDnng program is in place [380063], 



Licensing 

Genzyme Molecular Oncology _ ,~ wr >. ^ 

Ui January 1998 Schering-Plough entered into a research collaboration with Cenzyroe Molecular Oncology (U4U) to 
develop gene therapies using GMO's lipid delivery system. The first year of the collaboration focused on the development of 
a delivery system for the gene p53. Schering-Plough will subsequently have the option of exclusive license to the technology 

for other, as yet undisclosed, gene therapies 1273382]. 

# . 

Schcrtno-Plouffh Corp * 

In October 1994, Schering-Plough formed an alliance with Canji to develop mrw cancer treatments based on Canji's p53 gene 
therapy technology. The agreement grants affiliated companies of Schermg-Plough exclusive worldwide licenses to make, 
use and sell p53 rumor-suppressor gene products fox human and animal uses. Under the agreement. Schering-Plough made 
an initial cash investment in Canji and was to make annua], performance and milestone payments over the next several years 
{169987]. Canji was acquired by Schering-Plough In 1996 (197761 J. 



Development History 


COUOTBY 


STATUS 




DATE 


RE£ERENECE 








P^jvtMpwr 




$23399 




V? * 




l^wnor 


05%iATf08 


273331 




US- 




Coloractat tumor 


12-MAY*9 


324270 




US 


cz 


U^Qwnor 


01«4Ar*48 


273331 




us 


C2 


Colorectal WTtWir 


12-MAY-09 


324279 


•Canflnc 


US 


CI 


Uver tumor 




237334 




MS 




Melanoma 


0K1AN-96 


237334 



Fab-28-2002 11 :18am Frcm-FULBRIGHT t JAWORSKI 



202-662-4643 



T-241 P017/020 F-417 



Development Hist ry (continued) 
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Literature Classifications j _ 

Key references relating to the technology and are classified according to a set of standard headings to provide a quick guide 
to the bibliography. These headings are as follows; 

Chemistry. References which discuss synthesis, construction and strucnwe-actrvity relationships. 
Biology: References which disclose aspects of the drugs pharmacology in animals v 
Metabolism: References which discuss metabolism, pharmacokinetics and toxicity. 

OftricaV Reports of clinical phase studies in volunteers providing, where available, data on the following: whether the 
experiment is placebo-controlled or double- or single blind; number of patients; dosage. 
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Abstract 

A novel method of treating cancer is dawned. The method 
involves che use of a replicaooihcornpeten* tasted Ad 



vector. The vector preferentially replicates in tumor cells due to 
activation of a rutnor-speafic gene regulatory region- These 
vectors can be used as a form of gene therapy to deliver 
therapeutic genes to treat cancer. Ad vectors were constructed 
using standard techniques to place the BJa gene under the 
control of a tumor^pecific promoter, AFP. Therapeutic genes, 
such as a cytotoxic gene, were inserted into the Ad E3 region 
The Ad vectors were assessed for their replication potential in 
tumor cell Unes that can and cannot utilize the AFP promoter. 
The vectors of this rnvention were at a replication disadvantage 
compared to wild-type Ad in the AFP-negaove cell line, HLE 
However, they were aWe to replicate more efndentfy in AFP- 
posuVe tumor ceB lines 
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312158. Gene Therapy of cancer-Seventh International 
Conference (Part B)» Corona** Istandl 8an Diego, CA. USA, 
lOdb meeting repono&to- 

• A study showing the successful expression of pS3 In tumor cetts 
infected mm We rA0pS3 vector and me tact of toxicity to 
neighboring norma* tissv& 

3242791 Momeaore Mamcal Center Montefioro Medical Center 
researchers test new gene therapy treatment for Rver cancer 
•no coKwvrectal cancer. Pressrelease 11 May (1999). 

• Oescnhes a phase it frver cancer mat usmg Scf>5Q500 ejone or 
m combination 



325867. r*etsen uu Shi B. Gumani M, YarOmKo S. Upan P. 
Maatowsb M. Ferran E, u* M, Haijan G; Comolnatkm tnerapy 
using Scn-58500 (p53 adenovirus) ano Scb-66336 (famesyl 
protein transferase Inhibitor) na enhanced efficacy in 
preclinical cancer models. ProcAm Cancer Res (1999) 4$aos 
3458 

• A study mat oomcnsirm&s me efheacy ot combination therapy 
wtm Scn-58500 and Sch-66336. a tamesyt transferase inhtotmr 

328228. Palmer K: American Society of Gene Therapy - 
Second Annual Meeting (Pan D), Washington DC, uSA. iPOb 
meeting report (1999) 

» A conference report descnotng two pnase l donee} mats 
myofvmg me treatment of neaa and neck cancers ana ovarian 
cancer wtm Scn-58500 m combination wim traditional anticancer 
agents. 

328893. Stanford univers*iy: Department of Gynecologic 
Oncology - Ust of currently open non-GOG protocols. 
httpMwww-nieQ\sian1orxLed&school. 

• Oescnoes a pnase it mat using Scn-58500 alone or m 
combination for treating newly diagnosed stage m ovarian and 
primary peritoneal cancers with smart residual cancers after 
Surgery. 

339443. Agarwaia SS. Van Oosierom A, Petru?etu G. Jofcnson 
JT, Fntz MA r Ryoak ME BurKe E, Bogaert WV. Lotze M. Phase I 
study of rAdVp53 In patients (Pts) with advanced head and 
neck cancer. Proc Annu Meet Am Soc Cin Onoot (i 938) 17aos 
384. 

• A pnase I curvcai study snowing the efficacy of Sch-58500 
aet&itng the mode ot delivery to head and necK cancers. 

343174. Schenng-F^ou0h corp. Scnerlng-Plougn statement on 
p5$ gene therapy trials. Press release 1 1 October (1999). 

• An announcement mat Scnering-Plough was complying w*th a 
request from the FPA to discontinue certain trials where Sen* 
5&500 was bemg delivered by intrahepatic arterial aoministration 
to ever cancers. 

343175. Drug development pipeline: Scn-68$00. Company 
communication Mi October (1999). 

• An announcement dm Schering-Piough was complying with a 
request from the FDA to discontinue certain mats where Scn- 
58500 was used for treating colorectal cancers. 

347524. Francis ft. Cnao D- Biological Therapy of Cancer - 
Fifth Symposium (Pan 11% Munich, Germany. lOdb meeting 
report (1999). 

• A symposia summary reposing on a prias^ 

5850Q was deevered to various tumor sues by locoregrorv$ dettvery 
mctxnoitiatlonwmjopowcafr 

defrery to ovarian tumors, atone or m combination won standard 
antitumor 'agents. 

359068. toetsen LkSmB, tiapan G. Yarernao B, Upan P, Ferran E. 
Gumani M. Ma&towsto M, Chen J, ftshop WR, Uu M: Computation 
thereof wfxh the farneeyf protein tra ns fera se inhmhor Sch- 
66336 and Sch-68600 (pS3 adenovfnis) In predimcai cancer 
modets. Cancer Res (1999) 59(23)^896-5901. 

• A study showing thai Scn-58500 can oe used to suppress many 
tumor types m cancer modors. 

368768. Haag C Th*oe C Harwg V, Ehrmger a- fhasemmsred 
intrevaaouiar coagularton (P9C) after hmeac tei ia t mjecpon of 
adenoviral vector contatnlng pss m paHems emit pancreatic 
cancer in a phase im Study. Proc Am Soc Cbn Oncer (2000) 
18^bsi8ia 

• Reports on a phase tni mat using Scn~6Q6O0 m wmch several 
patents wim pancreatic cancer developed mtd ojssomin&oa 
intravascular coagulatJort 
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ac&atiXicf natural titer ceas. 

3Q003& Guman M, Lpan P, Deft J. Sr* 8. N**sen LL: Ao*novina> 
mecjawa; pS3 gene merapy nas gremw eincai^ wt>w comtwd 
wfth uiefflom o r a oy against human head and necfc ovarian, 
prosxaiB, and breast ameer. Csoc Cnemotnar Pnarmaccf 
44(2).143-151. 

• Pescf&js tne etiicacy of $cr>6$50Q. stone and in ccn&nawi 
agsonst a variety el tumors m cancer pawns 

380041. vera* AP, BergGtand EK, FfcngE. rionaka-Wong S. Hortwiz 
jA Ryts* ME. en RS: Gone therapy of colorectal Over 
memmse? using a recombfnaw stawvuvs encoding wt pSS 
(Seh^950O) via hepatic anary binjslojw A pnw I ^tudy. 

Moot A7nSff:C^Qooc»n 998) 17J^DS1B6% 

• Apftitseldincaisttjoyshoiifingteefc 
rnoB of aeir^ to nepa^ cancers 

380042. Grace UJ.Xjo U, Musco ML.CtiS, Guna* M. DKaaoorno a 
cnang A. mde**ao S, Syed J, Johnson a rtetsen lu The use of 
laser scanning cyiornetfy to assess depm of penetration of 
adenovirus p63 gon» tfrontpy En ftumgn reooyaft biopw? Amen J 
PmnattfQaS) 155{6):18£&-1878 
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380044. Butler BE. Pegram M, Runnebauta I. Hofownz JA, BoeKers 
Salko TP. Rybax ME. Sharon MS. Kratenberg R ; Kanan B. 
siamon 0- A phase i/H Trial of recombinant adenoviral human 
p$3 (Scn-58500) tmrapemoneai (IP) gene therapy In reevmrnt 
ovarian cancer. Gynecol Oncol {1999) 72(3) 452-453. 

• A phase W cuncm stuoy showing tno efficacy of ScfySBSQO in 
treating ovanan cancers 

380063. Rauo WP Supcomtntnee On Public rteaftn Coinmhtee 
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Disruption of p53 function through mutation, or otlia means, 
occurs eery frequently in human cancer and is associated unth an 
ynfavotable prognosis in various cancers. Evidence from m vitro 
and in xnvo transduction experiments have demonstrated that 
adenovirahmedmed expression of wild-type p53 suppresses the 
transformed phenotype of many ceU types and potentiates the 
cytotoxicity of both chemotherapeutic agents and radiation 
therapy. Recently several phase I studies have evaluated the safety, 
biological effect and different routes cf admunstrarian of 
aOaiotnjal-mediaied p53 gene therapy in various tumor types. 
These studies indicate that adenovirus-mrdiated p53 gene therapy 
ami introduction of unld-type p53 info tumor cells represents a 
potentially valuable tool for the therapy of many types of human 
cancers. This review presents an overview of the most recent 
advances in the preclinical and clinical evaluation of adenoviral 
p53 gene therapy as iveU as the challenge^ that lay ahead firr future 
clinical studies. ? 

Introduction 

Loss of p53 function appears to play a central role in a 
common pathway required for the development of most 
human cancers. p53 Mutations have been reported in 
nearly all tumor types and functional inactivanon of p53 
occurs in more than half of all cancers [1). Although p53 fc> 
not required for normal development; patients with 
inherited p53 mutations (ie, Li-Fratfmero syndrome) and 
mice lacking one or both allele* of p53 develop 
spontaneous tumors [2,3]. 

Inactrvanon of wild-type p53 can result from direct genetic 
mutations in the p53 gene, binding of p53 protein by viral 
oncoproteins or cellular factors, or. alteration of subcellular 
localization of p53 protein [4-6]. The inability of the cell to 
repair DMA damage leads to the accumulation of genetic 
changes that alter cellular responses to growth control This 
has signiffrant impact on the metastatic potential [9], as well 
as the response of tumor cells to therapeutic inrervennon 
[l(Ul)- In particular, the loss of p53 function has been 
associated with an unfavorable prognosis for cancers of the 
lung and breast among others (12-14). 

The pS3 tumor suppressor gene encodes a 393 amino acid 
nuclear phosphoprotem that plays a pivotal role in 
coordinating cellular responses to DMA damage am) other 
forms of genotoxsc stress. The p53 protein, a secruence- 
spedfie DNa transcription factor induces or represses the 
expression of multiple genes involved itx regulating the cell 
cycle, PNA repair and apoptosis [6-81 Acnvanon of wild- 
type p53 in response to DNA damage either causes cell cyck 
arrest or induces apoptosis While the cycun-dependent 
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kinase inhibitor pZlWAFl/ClPl mediates p53-induced cell 
cycle arrest, the induction of apoptosis can involve 
transcription-dependent (Bax, Fas) and/or independent 
signaling pathway* (Figure 1) [15]. Although the exact signal 



Figure 1. Signaling pamways acuvatod oy DNA damage to wild- 
typepSt 




Signal pathways leading from p53 to eel qto^ arrest or apoptosis. 
(A> Sfsnai pasnway in normal ceps. (8) Cancer ceQs nave defects in 
me Rd and p53 partway. (C) Wfenype adenovirus proton 
interference w*n tne Rd and p53 pamways <n infected normal cens. 
{CancerJSaAmvoi$> 199$ pi&i+i. Caprfgnt iSSd American 
Cancer Sector* Repnmea Of permission cf Wfcy-uss mc; g 
suVsxktaryot John Wtey& Sonssnc) 
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pathways leading from p53 to ceil growth arrest or 
apoprosfc> are not fully underwood, they are dearly 
regulated in a tissue-specific manner [16}. 

The p53 gene has become a target for the development of 
new therapeutic strategies for cancer- One approach 
currently under dmicai investigation is the introduction of 
wild-type p53 tumor suppressor gene into tumor cells to 
achieve tumor suppressusi Preclinical studies have 
confirmed that the introduction of wild-type p53 into 
neoplastic cells results in growth suppression and reduction 
of colony formation m soft agar [17J. Studies in nude mice 
indicate that inrroducnon of p53 into rumor cells reduces 
their rumongeruaty [171 induces apoptosis in tumor 
xenograft modeb [13), increases sensitivity to several 
chernomerapeunc agents [If] and inhibits angiogenesis [20]. 

Considerable effort has been expended to design an effective 
method for p53 gene therapy using several different viral 
and non-viral gene delivery systems [21-23]. Selection of a 
delivery system for mtroducnon of p53 is important for 
efficient transduction and sumaent expression of functional 
p53 protem m vwo- The ideal vector for gene therapy *»ould 
be available at high titers, be easily reproducible, and efccit 
little to no immune response Early studies using retrovirus- 
mediated gene transfer of wild-type p53 into both human 
lung cell lines and xenograft models demonstrated that 
expression of wild-type p53 could lead to inhibition of 
rumor cell growth- However, poor stability of these vectors 
and the inability to produce £igh titers of highly infective 
recombinant virus have limited the use of retroviruses as a 
gene delivery system for p53 gene therapy [23], More recent 
studies have focused on the use of adenoviruses and other 
non-wal gene delivery systems. The type 5 adenoviral 
vector is currently the vector of choice for in vino and in vivo 
Studies due to its ability to transduce both proliferating and 
quiescent cells, ease of mampulation/and ability to produce 
high titers of highly infective recombinant virus. 
Additionally, the wild-type adenovirus is associated with 
rnfnimal toxicity in humans. # 

The use of adenovirus-rnediated gene therapy to rntroduce 
rhep53 gene into tumor cells is an evolving and potentially 
valuable approach to the treatment of many types of cancers 
currently resistant to therapeutic jrUWtmnon. The main 
purpose of this review is to outline the most reomr advances 
in the preclinical studies, dinicai development of 
ttlenovrrusnnediated p53 gene therapy, and the challenges 
that he ahead for future chrucal studies. 

Preclinical studies 

The e&cacy of adenovfru^mediated p53 gene therapy has 
been demonstrated m numerous human carjcercett lines and 
xenograft models induding those derived from rung, head 
and neck, breast, ovary, pancreas, prostate, brain and 
colorectal cancers \22\ Initial studies using recombinant 
hurrtan aderiovirus-<xm 

control of either the Ad2 major late promoter of human 
cytomegalovirus or die immediate early gene promoter 
demonstrated that Production of the wild-type p53 gene 
into rumor cells via these recombinant adenoviruses 
inhibited DNA synthesis in a p53-spedfic, dose-dependent 
manner [21]. In rh» study, injection of recombinant 



adenovirus encoding the wild-type p53 gene into the 
peritumoral space of tumors derived from the p53""* NlH- 
H69 human small-cell lung cancer cell bne reduced rumor 
growth and increased survival time compared with controls. 
The effect of endogenous mutant p53 on the ability of wild- 
type p53 to suppress turnor cell growth was also assessed m 
a series of 45 human cell lines that contained either wild- 
type or mutated p53 protein or no p53 protem [241- A 
positive correlation was observed between the percentage of 
rumor cells that were transduced and the antiproliferative 
effects of adenoviral p53 m p53"* and p53~ cells- However, 
infection with adenoviral p53 had miTurnal effect on cells 
expressing wild-type p53. In human xenograft model*, 
adenoviral p53 gene transfer suppressed rumor growth in 
p53** and p53~ rumors, including tumors with dominant 
negative p53 mutations, and increased survival times 

Recently the combination of adenoviral ?53 g^e transfer 
with other rrtodahties and in the sensitization of 
chernotherapy-resistant disease has been evaluated in a 
variety of tumor types. A brief review of the results from 
some of these studies and their clmical applications follows 

Ovarian cancer 

Based on the regional nature of the disease and anntumor 
activity in ovarian xenograft models, adenovirus-mediated 
p53 gene therapy is currently being investigated in dinicai 
trials for the treatment of recurrent ovarian cancer [21,25-31]. 
Mujoo ct al [28] demonstrated the efficacy of adenovirus- 
mediated p53 gene therapy in a highly aggressive ovarian 
SK-OV-3 xenograft model. In this study, rx vivo treatment of 
SK-OV-3 cells with recombinant adenoviral p53 prior to 
infection into nude mice increased survival by more than 
50% over control animals. Long-term survival of 166 to 423 
days was noted in an intraperitoneal SK-OV-3 xenograft 
model treated with recombinant adenoviral p53 pS]. Niebon 
ct d [30] observed similar results m a study evaluating the 
efficacy of different dosing strategies in the SK-OV-3 
xenograft model Tumor burden was sjgn&candy reduced 
in all mice treated with adenoviral p53 gene therapy (P 5 
OD08), in this study, fractionated doses of adenoviral p53 
had somewhat greater efficacy compared with a single bolus 
injection (Figure 2) [30]. In contrast, no survival advantage 
was observed for adenc*rru**nediated pS3 gene therapy in 
human 2774 ovarian xenograft model (31 J- It is possible that 
the type of jx53 mutations and presence of mismatch repair 
defect in the 2774 cell fine may have ccmrrfbuted to the lac* 
of p53^pedfic response observed in vwo* 

Ihe antitumor effect of p53 gene therapy was also chserved 
m human ovarian cancer cells that were reststarit to osplarin 
[27J. In this study, infection with adenoviial p53 resulted rn 
a 10-fbld increase in sertsitrvfty to osplatm in the asp&tuv 
resistant C-l cell line. Cell cyde analysis revealed that 
Infection with adenoviral p53 increased the number of cells 
undergoing apoptosis in crsplatm-reststant cells in 
comparison with parental cell line, Additionally. In an 
mrraperitoneal C-l xenograft mode* p53 gene therapy 
increased survival in more than 50% of the animals, 
deTnoriStrating that p53 adenoviral gene therapy may be 
useful in the treatment of drug-resistant disease. These 
results hav lead to the mvestigation of mrraperitoneal 
adenoviral p53 gene therapy for the treatment of platinum 
and pacfitaxel-resistant ovarian cancer. 
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Figure 2. Efficacy of fractional doses versus smgl* bolus doaes of p5£ 
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Pancroatic cancer i 
Two recent studies revealed the anntnmarigexuc effects of 
adetK)vmr>mediated p53 gene therapy in human pancreatic 
cancer both m voto and in vivo 13233}- Although transduction 
tffiaency vailed among the cell lines tested, adtawvirus- 
raediated p53 gene transfer suppressed growth of all human 
pancreatic tumor cell tine* in a dose-dependent manner. A 4- 
fbjd increase in apoptotic cells was observed in MiaPaCa-2 cell 
lmeat48 and 72 h x<*»wmg 

observed in xenografts established from these cell line* after 
mtratumeral ir4ecttonsofadencMraJp53. 

The application of p53 gene therapy as an alternative treatment 
lor bladder cancer has recently been investigated tn an 
orthotopic model of Madder cancer in rats (34 J- In this model 
intravesfcular adrnirostnition of adenoviral p53 resulted in 
increased p53 expression mat corresponded with areas of 
apcptotfcceBdeammnin^ 

mete are phase ! dxrucal mvestigations evaluating 
intxaveskular adrrurusoatjon of adenoviral p53 for the 
treatment of locally advanced bladder cancer m progress. 

H0patoc^hjfar carcinoma and intr^rterial 
deflv&ry 

The potential for mtra-arterial delivery of adenovirus* 
mediated p53 gene therapy for the treatment of bver 
rnaftgnanries has ahso been evaluated in a syngenic rat 
model of hepatocellular carcinoma [35), For these studies, 
multifocal tumor nodules were produced in buffalo rats 
usmg the McA-RH7777 p53~ hepatocellular cell hne 
mtraheparic arterial delivery of adenoviral pS3 increased 
expression of wOd-rype p53 and suppressed tumors when 



compared with untreated or rnodcHnfected animals. 
Additionally, intrahepatic arterial dosing with adenoviral 
p53 decreased systemic exposure to adenovirus compared 
with intravenous dosing* Based on these results, a phase I 
dose-escalation study has been initiated to evaluate the 
safety and potential gene transfer for mtra-arterial 
adnurustration of adenoviral p53 in patients with colorectal 
liver metastasis. 

Glioblastoma 

Mutations and aberrations in the expression of thep53 gene 
occur in 30% to 65% of all malignant gliomas, suggesting an 
early role in the initiation of rumorigenests. Introduction of 
p53 gene into glioma cell fines has been shown to induce 
apoptosis in rumor cells encoding mutant j£3 gene [36,37). 
In these studies, introduction of adenoviral p53 had a 
minimal effect on suppressing the growth of glioma cell 
lines encoding wild-type p53 gene. However, the results of 
several recent studies that have mvestigated the 
combination of adenovws~mediated p53 gene therapy with 
ionizing radiation indicate there may be a ro|e for p53 gene 
therapy as an adjunct to radiation in the treatment of 
malignant glioma [38-40). (See 'combination therapy 
section.) 

Head and necKsqtomouaceU carcinoma 

Several studies have demonstrated the antirumor effect of 
adenovrrus^nediated pS3 gene therapy in human bead and 
neck squamous cell cuonoma (HN5CQ cell fines and 
xenograft models H1-43J, Adenoviral p53 induced growth 
arrest and morphological changes consistent with apoptoois 



in the Tu-138 HNSC cell line and xenograft inodel t*M2). In 
additional studies using a subcutaneous microscopic 
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residual HNSCC xenograft model that nunucs the pcwt- 
imrgjcal environment of head and neck cancer patients w*th 
advanced disease, adenovinis-znediated p53 gene therapy 
suppressed tumors, regardless of the p53 genotype of the 
rumor ceJb [43]. These results have led to the uiination of 
two phase I studies to determine the feasibibty and safety of 
p53 gene therapy in patients with advanced recurrent 
HNSCC 

Apportions in chemotherapy-resistant breast 
cancer 

Seth t% at [44] evaluated the cytotoxic effects of aderwvirus- 
rnediated p53 gene therapy m two breast cancer MCf-7 cell 
lines selected for resistance to adriamyan (MCF-Adr) and 
miroxantrone (MCf-Mito) In this study, both MCF-Adr ami 
MCF-Mijo cell lines were 20- to 30- times more sensitive to 
the cytotoxic effects of adenoviral p53 than parental MCF-7 
cell lines. Infection with 32 phi/ceil of adenoviral p53 
resulted in a 2-fold reduction in the 1C50 of adriamydn in 
adriamycuvresistant ceJK Adenoviral p53 infection induced 
apoptosis in both MCF-Adr and MCF-Mito cell lines while 
parental MCF-7 cell lines faded to undergo apoptosR 
Additionally, infection of a mixed population of MCF-Adr 
and CD34-I- cells with adenoviral p53 selectively inhibited 
die growth of drug-resistant breast cancer cells and had no 
ffecr on CfU-GM colony formation from the CDM-r cells. 
These data suggest gene therapy may be effective in 
sensitizing cells to the effects of chemotherapy and also 
support a role for p53 gene transfer in purging stem cell 
products of patients undergoing autologous bone marrow 
trartsplanration. $ 

Combination of jrwJrtlonal therapy with 
adefn^rii^medlatod pS3 gene therapy 

Drug resistance that develops in many different human 
cancers during initial therapy or relapse has substantial 
unpact on the overall outcome and success of cancer 
therapy* The loss of functional p53 in different types of 
tumor cells has been associated with resistance to 
cherrtotherapeutic agents [4&>46]. The efficacy of combining 
adenovinis-xnedxated p53 gero therapy with chemotherapy 
has been Investigated in a variety of different tumor types, 
jndudiiig carcinomas of the rung, ovary, breast and colon 
[26^9^8^/47-50]- 

CorttokmtkmwMicispiatto 

Adenoviru^mediate4 p53 gene therapy has been 
demonstrated to increase the sensitivity of a number of 
different tumor types to the cytotoxic effects of cbptatm. 
Fupwara ct at \\9) were among the first to ckmcaistxate that 
this combination had an additive effect on growth inhibition 
of the human lung cancer H358 ceU Hne Nguyen «* «M5*J 
reported similar results in vitro and in viva using the p53** 
human lung cancer H1299 xenograft model where treatment 
of H1299 cells with low concentrations of dsplatin 48 h 
before infecoon with adertoviral p53 inhibited growth 31% to 
60%. A higher level of p53 protein expressicAaridfracaonof 
apoptotic cells was ohserved in ce9s treated with this 
combination compared with cells infected with adenoviral 
p53 alone. Systemic adrnirfstratian of dsplarin before, 
during, or after the mrratumoral adrntostranon of 
adenoviral p53 also resulted in pronounced inhibition of 
rumor growth in the H1299 xenograft model. The 
administration of cisplatin before infection with adenoviral 



p53 was the most effective m muo dosing schedule. 
Additionally, a second cycle of gene therapy r»ulted in 
greater growth suppression compared with a single cycle of 
therapy [51]- This combination has also been used for the 
treatment of non-small-cell lung cancer (NSCLQ [52]. 

Similarly, Ogawa n a! [49) d>rnonstrated increased 
sensitivity to cisplatin cytotoxicity in the p53"~ WiDr human 
colon cancer ceil line and xenograft model transduced w*m 
adenoviral p53. Transduction of WiDr cells with 50 pfu/orl! 
resulted in a high level of p53 expression with no cytotoxic 
effects. Combination with cisplatin produced an enhanced 
antitumor effect with highest growth suppression observed 
at I ug/ml of cbplatin. Adroinisrration of intraperitoneal 
cisplatin after mrratumoxal adenoviral p53 sigruhcantly 
enhanced growth suppression in WiDr xenografts compared 
with adenoviral p53 alone (P < Q.05). Kanamon el al [50J also 
noted significant growth suppression of 5K-OV-3 cells 
treated with adenoviral p53 gene therapy and cisplatin. In 
this study there was a positive correlation between level of 
adenoviral p53 transduction and increased sensitivity of SK- 
OV-3 cells to cisplatin. Miyake et ai [53] also noted increased 
sensinviry of a surxraarwua HT1376 human b\*dd*r 
xenograft model to cisplatin following introducnon of 
adenoviral p53. Direct injection of adenoviral p53 vector >nto 
pre-existing tumors, followed by intraperitoneal 
adnunisiration of cisplatin. induced apoptotic destruction of 
tumors. These flndmgs suggest that the combination of 
adenovirus-tnediated p53 gene therapy and cisplann may be 
an efficient tool for the treatment of cancer. 

Combination with paditaxel 

Recently. Nielsen [29] demonstrated that combination of 
aderiovinis-mediated p53 gene therapy with paditaxel 
increased the sensitivity of human head and neck, ovanan, 
prostate and breast cancer to the cytotoxic effects of 
paditaxel w t*m> and m vtoo. In this study, pretreatment of 
cells with paditaxel 24 h before exposure to adenoviral p53 
or with both agents simultaneously had either a synergistic 
or additive effect, depending on the cell line tested. Of 
interest was the observation that concentrations of 
paditaxel which were lower than that required for 
microtubule o^noeritration, resulted m a dose-dependent 
increase in transduction of cells with adenoviral p53 vector. 
Cell cycle analysis revealed that cellular response to tb* 
combinauon depended on the relative concentrations of the 
two agents. Higher levels of paditaxel yielded C2 arrest, 
while higher levels of adenoviral p53 resulted in a G0/G1 
arrest prior to apoptosis. Jn vwo. combination of paditaxel 
and adenoviral j£3 gene therapy produced significant 
reduction in tumor growth in ovarian (SiGOV-3X prostate 
(DU-145) and two breast (MDA-MB 468 and MDA-M3 231) 
xeregraft models compared wr* either treamiem alone. These 
data indicate that cornbinarion of paftitaxH and adenoviral p53 
gei* therapy is effcctrv*^ 

Combination with 0.-2 , _ . 

Puwer ft di [48) evaluated the efficacy of combined 
adenoviral gene therapy with p53 and «V2 expressing 
vectors to stimulate immune specific antitumor response 
and tumor regression in a transgenic breast xenograft 
model. Sngje intrarumorai mjecrion of adenoviral ?53 (1 x 
10* pfu) and low dose* of aderioviral (15 x 10* pfu> 
resulted in 65% reduction in tumor size without toxicity. In 
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contrast treatment with either vector alone at the same dose 
resulted in delayed tumor growth. Tumor regression was 
associated with long-term immunity, since 50% of mice 
remained tumor free and were immune to rtchailenge with 
fresh rumor arils. Combination therapy Was also associated 
with development of specific cytolytic T-lymphocyte 
response compared with either treatment alone. 

Combination with Z-meWaxyvstradht 

Kataoka et ol 154] evaluated the combination of adenovirus- 
mediated p53 gene therapy with 2-methaxy estradiol in 
human metastatic lung cancer cefls in vivo as a method for 
improving the effecrrveness of /*53 gene therapy in the 
treatment of lung metastases. Simultaneous administration 
of p53 and 2-rnemaxyestradioJ resulted m a greater than 
additive reduction, with the lung colony count reduced by 
33% compared with control values. These results suggest 
that the synergistic effect of this combination may have an 
application in the systemic treatment of lung cancer 

Combination with irradiation 

The effect of aderiovirus-mediated p53 gene therapy on me 
radiosensttrvity of rumor cells has been the focus or several 
recent studies [2M8,39,55-57]- Spitz ct al [55J examined the 
effect of adenoviral p53 gene therapy and irradiation on 
pS3F* SVV620 colorectal tumor cells m vitro and in 
Transduction of ceils with adenoviral p53 2 days prior to 
irradiation with 2 Gy resulted m 50% to 60% reducnon in 
cell survival via apoptosis compared with cells that were 
mock- or vector-infected prior to irradiation. This 
combination also produced significant tumor growth 
suppression in subcutaneous SW620 xenografts pretreated 
with three consecutive doses of adenoviral p53 prior to 5 Gy 
of irradiation (P < 0-0l£"SuTular results were observed in a 
p$S** ovarian xenograft model [26J. In this study, 

mtratumoral admmistranon of adenoviral p53 (10* pfu) 2 
days before treatment with radiation led? to a 45% reducnon 
in rumor size compared With either treatment alone; in 
mock-infected and untreated controls. 

The ability of aderiovirus-mediated v53 gene therapy to 
sensitize human glioma ceils that encode mutant p53 to 
irradiation has also been evaluated. Introduction of wild- 
type p53 into the p53^ human U87MG glioma cell line via 
adenoviral vector 2 days before exposure to irradiation (9 
Gy dose) agnifkantly irKreasedxadiaric^induced apoptosis 
compared with mock-mfected controls <P < 0X301) [38]. 
Purther analysis showed that irradiation of U87MG glioma 
cells infected with adenoviral p53 resulted in mcreased 
expressic*ofbomp53protemandp^^ 

Badie ct at {39] also investigated die combination of 
adenovints-rnediated p53 gene therapy and irradiation in a 
rat 9L ghosarroma xenograft model- Stereotactic mjection of 
adenoviral pS3 OO'pfu/ml) into pre-existing brain tumors 
resulted in a modest reduction in tumor volume However. 
acUmrustratian before radiation produced a significant (85%) 
reduction in tumor size compared with control animals (P < 
O0008). Moreover, combination therapy improved survival, 
with 29% <2/7) of animals in the combined treatment group 
remaining tumor free 2 weeks after treatment* Analysis of 
brain tissue from surviving animals in the combined 
treatment group revealed no microscopic evidence of tumor. 



Although these results have important implication* fur 
improving the treatment of malignant glioma and metastatic 
brain rumor*, further studies m human brain tumor 
xenograft models with different p53 status are needed to 
confirm the efficacy of mis combination in vivo. 

^3-Mediated seiisitization of HNSCC cells to radiotherapy 
ha> also been demonstrated in xafro and in vivo 1.56,57] 
Treatment of radiaoon resistant HNSCC cell line with 
adenoviral p53 inhibited growth m vitro and m vivo while 
having no effect on normal cells. More significantly, 
mtroduction of p53 also resulted in a doseniependeni 
reduction in the radiation resistance- A single dose of 
adenoviral p53 combined with ionizing radiation markedly 
enhanced radtoensiriviry of JSQ-3 xenograft with complete 
lung-term regression of tumors for up to 162 days. These 
results provide further evidence of the efficacy of this 
combination and indicate that adenoviral pS3 sensitization of 
romors to radiation therapy may sigmhcantry reduce the rate 
of recurrence of certain tumors after radiation treatment- 
Clinical studio* of acfenoviruu-mediated p53 
gene therapy 

Extensive preclinical studies have evaluated the safety of 
using replicarionKieficient type 5 adenoviral vectors 
encoding wild-type p53 under the control of the human 
cytomegalovirus lrrunediaw? early gene promoter to transfer 
genes to human cells [21,24]. In these studies, doses of the 
adenoviral p53 that are cytotoxic to neoplastic cells had httle 
to no adverse effect on normal cells including fibroblasts, 
bone marrow cells, and epithelium from the liver, lungs, 
breast and ovary 141,58,591- These studies have also 
demonstrated that intratumoral intrahepatic and 
intraperitoneal routes of administration with adenoviral p£3 
do not adversely affect surrounding tissues. Similar results 
have been reported for phase I studies that evaluated the 
safety and biological effect of adenovirus-medtated p53 gene 
therapy in the treatment of primary and metastatic head and 
neck, Jung, liver, colorectal and ovarian tumors (Table I) 
[52^0,62-64]. The results of these studies, just now 
beginning to appear, are summarized below. 

Intratumoral delivery 
Non-smalhc0!l Rmg cancer 

A phase 1 single-dose rising study has evaluated 
adenovtrus^nediated p53 gene transfer in advanced NSCLC 
[52}. Tumors from 15 patients with incurable NSCLC were 
transduced with one of four doses of single agent adenoviral 
p53 ranging from 10 7 to 10* pro/ml Adenoviral p53 was 
administered as a single bionchoscopic or computed 
tomography (CTHjuided percutaneous mtratumoral 
Ejection. The tumors from all patients had high levels of p53 
as effected by immuncaustoc^^ 

in thep53 gene. Successful gene transfer and expression of 
exogenous wild-type p53 occurred at higher concenrranons 
of adenoviral vBS (10* pfu/ml) and vector-related sequences 
were detected m post-treatment biopsies from six patients. 
Stabilization of rumor growth was achieved in four of these 
patients and no dmicatty sigrufkanr toxicity due to p53 
therapy was observed [52]. 
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Additionally, the safety and therapeutic potential of 
adenoviral p53 gene therapy with or without dsplatin m 
patients with advanced NSCLC who failed conventional 
therapy was evaluated 160,61]. In this study, 28 patients 
(89% before radiation and 75% before chemotherapy) wen? 
treated with or without intravenous dsplatin 3 days prior to 
bronchoscope or CT-guided percutaneous intrarurnoral 
injection of escalating doses of adenoviral p53 (10* to W* 
pfu) [61]. Patients received up id six intra tumoral injections 
of adenoviral p53 at monthly intervals- A total of 84 courses 
were administered, with 56 doses (67%) being repeat 
injections. The majority of patients (68%) received up to 
three courses of adenoviral p53, while 11%, 7% and 14% 
patients received four, five and courses of adenoviral 
p53, respectively. Adenoviral p5J was well-tolerated and 
produced little toxicity. Vector-related sequences were 
detected in posweatment biopsies. Of the 25 patients 
evaluable for rumor response, two achieved a partial 
response, 16 demonstrated stable di s ea s e and seven 
progressed after treatment with adenoviral pS3 alone. 
Transient local control of disease ranged from 2 to 14 
months, and more than 50% reduction in tumor size was 
observed in two patients who received six courses of 
adenoviral p53 [61]. A cohort oft nine additional patients 
received adenoviral p53 in conjunction with dsplatin given 
at a dose of 80 mg/m* irtrravenousjy over 2 h, 3 days before 
Injection with adenoviral p53 [60]. Stabilization of disease 
was slightly higher (74% CDDP* adp53 verses 61% Gar 
ajjrS? alone) in this cohort of patients compared with those 
who received adtswvira) pS3 alone An analysis of fectors 
that affect disease progression revealed that lugjier doses of 
adenoviral p53, concomitent dsplatin therapy, and increased 
apoptosisasdernoristratedbym 

staining of tumox specimens were associated with enhanced 
time to progression [61). These encouraging results have 
precipitated the design of a phase H study to asses the 
effkacy of adenovmis-mediared p53 gene therapy in 
combination with radiation. 

Tw phase I clinical studies have evaluated the safety and 
biological activity of adenoviral*- rnediated p53 gene 
therapy in patients with resectable and non-resectable 
advanced recurrent HNSCC [62.63J. In one study, HNSCC 
tumors from 25 patients were transduced with adenoviral 
p53 at doses ranging from 10* to 10** pfu [62). A single 



injection of either 73 x 10* pfu. 73 x 10 W pfu or 7.5 x 10" 
pfu was administered to three groups of three patients 
each, respectively. Multiple injections of either 7J5 x 10" 
pfu or 15 x 10 w pfu were administered to six patients and 
10 patients, respectively. Of the patients who received 
xxmlnple injections, three patients at the 73 x 10" pfu 
dosage level and six patients at 1.5 x 10" pfu dosage level 
received chemotherapy concurrently. Successful 
transduction of tumor was observed in four of 10 tumors 
examined and response to therapy was observed in one 
patient [621- * 

dayman e% a! [63) also evaluated the safety and 
therapeutic potential of adenovirus-mediated p53 gene 
therapy in patients with resectable and non-resectable 
advanced recurrent HNSCC. In this study, S3 patients 
received multiple mtratumoral doses of adenoviral p53 
alone ranging from 10* pfu to lu u pfu over a course of 2 
weeks to 63 months. In panents with non-resectable 
rumors, objective tumor regression of > 50% was observed 
in two patients, while stabilization of disease for up to 3.5 
months was achieved in another six patients. 
Additionally, one patient with resectable disease was 
considered to have achieved a complete pathological 
response in that no viable tumor wa> found in the 
completely resected specimen [63]- flawed on these results, 
a phase n study is currently examining die effect of 
adenoviral p53 gene therapy on response rate, duration of 
response, time to progression, overall survival, and 
quality of life in patients with recurrent HNSCC 

JWrapenfonea/c^^ 

Theef5«cy of intraperuTJW 

combination with chemotherapy was evaluated in 37 
women with advanced ovarian cancer that was refractory to 
conventional therapy [64). Patients received a single dose of 
adenoviral p53 ranging from 73 x 10* to 73 x 10* particle 
number (pn)- Expression of txansgene was d et e cted by 
reverse transcriptase polymerase chain reaction (RT-FCR) in 
some tumor samples ar the lowest dose level and 
consistently at the 73 x 10** pn dose level and above. Once 
the safety of single injection was established; patients 
received multiple daily doses of adenoviral p$3 ranging 
from 73 x 10* to 73 x 10* pn concurrently with 
chemotherapy every 21 to 28 days. The highest dose 
evaluated was 75 x 10° pn daily for 5 days concurrently 
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with chemotherapy and was well-tolerated with nuld 
analgesic and antipyretic prophylaxis [64}» The maximum 
tolerated dose for this study was not identified- Overall the 
intraperitoneal administration of adenoviral p53 gene 
therapy was well-tolerated [64j. Further phase I studied 
continue to evaluate mrrapentoneal p53 gene therapy alone 
or in combination with other chernotherapeutic agents for 
rhe treatment of advanced, recurrent, or persistent ovarian 
cancer, as well as in the treatment of platinum- and 
paclitaxel-resistant ovarian cancer. 

Intrahepatic arterial delivery: Colorectal liver 
metastasis and hepatocellular carcinoma 

A phase 1 dose-escalation study has been initialed to 
evaluate the safety and gene transfer for intraarterial 
administration of adenoviral p53 tn patients with colorectal 
liver metastasis and hepatocellular carcinoma J65J. 
Currently }6 patients with irnrnunohistochernlcal evidence 
of p53 mutation have been enrolled. Cohorts erf three 
patients each have received doses of adenoviral p53 
beginning at 7J5 x 1 0 y p fu and escalating to 73 x 10° pfu. The 
maximum tolerated dose was defined ai Z5 x JO* 3 pfu. 
Expression of transgene has been detected in the rumor by 
RT-PCR at rhe 25 x \(f\ pfu dose level [65J. Intraarterial 
adrninistration of adenoviral p53 gene therapy has been 
well-tolerated and evidence of dose-Umiting toxicity has 
been observed at the highest dose level [Horowitz JA, 
unpublished data]. Evaluation of dose-escalation of 
adenoviral p53 combined with chemotherapy continues. 

The results of these phase I studies . demonstrate mat 
intrarumoraJ, intraperitoneal and intrahepatic arterial 
delivery of adenoviral p5? £ene therapy is wejl-tolerated 
and results in the successful "e^>ressiwof wM-^ypepo^mto 
various rumor types. Anecdotal reports of clinical responses 
support further mvestigation. Several additional studies 
have been initiated to evaluate the use of adertovirus- 
mediated p53 gene therapy in the treatment of other 
malignancies, including bladder cancer and malignant 



ghoma {Table 2y Phase II studies have been initiated to 
further evaluate adenoviral pSl gene therapy in the 
treatment of HNSCC, NSCLC, and ovarian and colorectal 
cancers. 



Issues for adenovlrtis-meffiated p53 gene 
therapy 

The above precUnical and clinical phase I studies confirm 
that the exogenous transgene can be expressed m tumors by 
various routes of adrmnistrauorv therefore amfrrrning the 
proof of concept- The largest obstacle to human gene 
therapy is the delivery of rhe transgene to the rumor site. 
This issue affects all delivery systems identified to date. The 
issue specific to a derio viruses is the rapid clearance of the 
vector and induction of host irnmune response to the 
adenovirus. This may result in the requirement for higher 
doses of adenovirus to overcome dus obstacle, or the need 
for the vector to be delivered by intra tumoral or regional 
intrahepatic artery or mtraperitoneal route. 

Moot advanced malignancies axe systemic in nature, and 
delivery by intraturnoral or regional route* place 
limitations on gene therapy. The development of 
alternative delivery systems, and means by which this 
delivery system can be administered systemically, are 
under mvestigation- Until such alternatives are available, 
the addition of systemic chemotherapy enhances this form 
of novel therapy for advanced disease. It is encouraging 
that the individual patient's pre-existing immunity to 
adenovirus has not precluded expression of the exogenous 
transgene (Figure 3) [52] and that the safety profile of 
these agents when combined with chemotherapy are 
acceptable. The impact that this immunity has on the dose 
intensity, however, can be inferred. In addition, it is 
encouraging that the wide tissue tropism of the 
adenoviruses has not resulted in undue or unmanageable 
safety issues, despite published preclinical models where 
hepatic toxicity was observed f30,66,67j. 
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Conclusion 

The results of preclinical and dmical srodies have 
demansmxed that adertovmts-rnediated gene therapy is a 
safe and efficient method for the introduction of the wrid- 
rype p53 gene in a vanety of human cancers. It is clear that 
the treatment of rumor cells vpth adenoviral ?53 causes 
tumor regression- Evidence fronj m vitro and m studies 
indicate that ad^novinis^nediated p53 gene therapy 
potentiates the cytotoxicity of bom chemothenipeutic agents 
and radiation therapy on a variety of cancers. Results from 
initial clinical studies ""have confirmed the safety of 
adenovirus-rnediated p£3 gene therapy. Future studies will 
be needed to determine the efficacy of adencvirus-mechated 
p53 gene therapy and its role ia the rnanagernent of cancer 
patients. Such studies are underway. 
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